In recent years, widespread use of mobile phones has led to a public debate about possible harmful effects on human health. A lot of researchers studied the possible effect of radiofrequency energy (RFE) emitted from cell phones on the human body. Up to our knowledge no one studied the effect of these waves on the thyroid gland by Ultrasonography (US). Our aim was to investigate the possible effects of EMR arising from cell phones on the thyroid gland using US. A prospective study was done on 180 participants, 110 females and 70 males, ranging in age from 15 to 65. A constructed questionnaire was distributed among them before performing US of the neck. Demographic data along with US findings were collected and statistically analyzed. A total of 46.7% of our participants had abnormal findings of the thyroid gland more in non smart phone users and more in females. The commonest abnormality was multinodular goiter (54%). Expanded researches are still needed to answer the question about the hazards of RFE on human health. All efforts should be made to encourage users of cellular phone to follow mobile device recommendations of manufacturers and avoid its possible hazards as possible.
Introduction
Radiofrequency energy is a form of EMR which can be categorized into two types: ionizing (e.g., X-rays, radon, and cosmic rays) and non-ionizing (e.g., radiofrequency and extremely low frequency, or power frequency). Exposure to ionizing radiation, such as from X-rays, is known to increase the risk of cancer. However, although many studies have examined the potential health effects of non-ionizing radiation from radar, microwave ovens, cell phones, and other sources, there is currently no consistent evidence that non-ionizing radiation increases cancer risk [1] .
The biological effects of the mobile phones on the human body are extensively studied. Studies included the heating effects of EMR [2] [3] , changes of the glucose metabolism of the adjacent structures [4] [5] , alteration of the blood flow to the brain [6] or even induction of cancer formation. The INTERPHONE research which described data from 13 countries was the biggest and extensive study of the use of mobile phone up till now [7] . On the other hand, it was reported that radiofrequency waves being part of EMR has insufficient ionization energy to molecules and is unable of direct damage to DNA excluding their ability to lead to cancer formation [8] .
Recently, it was estimated that more subscribers joined services of the mobiles devices including tablets and cell phones which reached above 300 million in the USA, and worldwide subscribers became more than 6 billion peoples [9] . Teenage and many children became heavily using cellular phone [10] . In general, the biological effects of EMR on children could reach higher than that of adults up to several times as has been investigated [11] .
In a study by United Nations Conference on Trade and Development [12] , Saudi Arabia occupies the first rank among the countries with the highest proportion of mobile phone users in the world with a ratio of 188 percent, followed by Vietnam and Oman in the second and third places respectively. The percentage is by far the highest when compared to the other Arab Gulf states.
Thyroid diseases are very common in the clinical practice. Thyroid hormone dysfunction is considered (with diabetes mellitus) to be the commonest endocrine pathologies worldwide. In Saudi Arabia, thyroid diseases are very common. Many literatures mentioned increased incidence of thyroid lesions in many areas along Saudi Arabia. Others found increased prevalence of thyroid cancer among Saudi females, with the male to female ratio is 0.3:1 [13] . From these two points, we got the idea of correlating thyroid disorders to the use of mobile phones in Saudi Arabia. Many literatures have studied the relation of thyroid disorders to many factors such as nutritional factors, age, gender, vitamin D deficiency, diabetes mellitus or many other factors. To our knowledge and after extensive search, there is no previous research that studied the possible relation between thyroid diseases and mobile phones using ultrasonography.
Patients and Methods

Study Plan
After obtaining ethical approval, a prospective study was done at the diagnostic radiology department, Faculty of Applied Medical Sciences, King Abdulaziz University.
Subjects
One hundred, eighty participants were involved in this study, 110 females and 70 males, ranging in age from 15 to 65 with the mean age is 40 years. Subjects were recruited from the following sources; volunteers from the college students, staff and some specialty clinics at KAU. A questionnaire was distributed to each subject, and filled in aided by one of the project participants.
Ultrasound Examination
Ultrasound examination of the thyroid gland was done as follows:
Machine: Phillips IU22 and Phillips HD3. Subject's position: All examinations were done with the subject in the supine position, neck hyper extended with a pillow under the neck.
Transducer: Examinations were done by a specialist radiologist or sonographer using 5 -9 MHz linear probe under complete hygienic conditions. US technique: The examination was started by grey scale US in the B mode. Real time scanning was done for both lobes as well as the isthmus in axial and sagittal plans.
The antero-posterior, transverse and sagittal diameters of each lobe, as well as the antero-posterior diameter of the isthmus were taken on freeze images. For any abnormality detected, full analysis of its US criteria was done.
Then Color Doppler mode was applied to study the vascularity of the gland, and of lesions, if any.
Examination of the carotid sheaths on both sides was done especially in cases of thyroid enlargement to detect any vascular compression. Examination of the cervical lymph nodes was done to detect lymph node enlargement or infiltration, as well as abnormal vascularity.
Image Interpretation
Images were electronically stored, revised by the Radiology consultant of the project and then confidentially discussed with the patients.
Every case was analyzed regarding the following points: -Size, echogenicity and vascularity of the whole gland.
-Presence of focal lesions, their number, size of the largest, echogenicity, borders, shape, halo sign, vascularity and calcification. -Presence of abnormal lymph nodes.
Statistical Analysis
Patients were categorized into 2 groups regarding using smart phones. Categorical variables were presented by number and percent. Association between using smart phones and other parameter was done by Chi-square or Fischer's exact test, if appropriate. Odds ratio(s) (OR) with 95% confidence interval (CI) were also calculated. Odds ratio is index that calculated to assess the probability of occurrence of an event in presence of certain risk. BMI in the 2 groups was compared by t-test.
In all test, p value was considered significant if less than 0.05.
Results
Demographic analysis of our study group showed that 141 were using smart phones and 39 were using non smart phones with the p value = 0.01. For both types, females users were more than males (61.1%: 38.9%) respectively. The commonest age group was 20 -30 years (45%), and the least age group was participants > 60 years old. Regarding marital status, single participants were much more than others (68.8%). school students used smart phones almost equal to college students. Most participants (44.6%) use mobile phones from 5 -10 years, and 36.7% use mobile phone (calls and non-calls) for more than 5 hours daily. A total of 52.5% don't use head phones and 70.1% leave phone by side during sleep. Non smart phone users spend <1 hour for total use/day and do not use headphones or speakers as much as smart phone users.
Studying the medical condition of all participants showed that non smart phone users experienced weakness, fatigue, HTN more than smart phone users with a significant p value (<0.01). Figure 1 shows the number of smart and non-smart phone users who had abnormal US of the thyroid gland. It is noticed that 46.7% had abnormal thyroid gland and 53.3% had normal thyroid US. Comparing abnormal thyroid gland between smart and non-smart phone users showed that non smart phone is significantly associated with thyroid disease much more than smart phone (79.5%: 20.5% respectively).
From this figure we can also find that the number of cases using smart phone with thyroid disease is much less than cases with normal thyroid. OR = 0.15 (95% CI 0.07 -0.36). OR is less than 1, means there is no increased risk of thyroid disease on using smart phones This means smart phone is not blamed for thyroid disease or let's be accurate; it is not associated with thyroid disease. This relationship does not mean cause-effect, it is an association. A long term study is needed to study the effect of mobile phone on each thyroid abnormality individually.
Analysis of demographic data of cases using mobile phones and had abnormal thyroid gland shows: • Females have abnormal thyroid status more than males with p value < 0.01; • Abnormal thyroid status prevalent more in age 20 -50 years with p value < 0.01; • Abnormal thyroid in married more than single population with p value < 0.01; • Abnormal thyroid was associated with longer use of smart phones daily with p value = 0.02; • Abnormal thyroid cases use headphones speakers is less than abnormal thyroid cases not using it with p value < 0.01; • OR = 2.6 (95% CI 1.3 -5.2) Since OR > 1, this means that not using head phones increase the risk of thyroid abnormalities 2.6 times more in the exposed patients to smart phone without using headphones.
Patients with abnormal thyroid have history of thyroid disease, fatigue, arrhythmia, weight loss and rheumatic disease more than pts with normal thyroid. This is more with non-smart phones users.
Only 68 (34 out of 114 using smart phones and 15 out of 39 using non smart phones) participants had thyroid function tests. Most cases showed normal functions, and for abnormal cases hypothyroidism was more than hyperthyroidism. No significant difference in thyroid function test between smart phone users and non-smart phone users as shown in Figure 2 .
Still there is no significant association between abnormal thyroid function and use of mobile phones.
US Findings of the Thyroid Gland in the Study Groups
The commonest detected abnormality was simple nodular goiter (SNG) (54%), followed by cysts 28%, then thyroiditis (12%) and nodules was the least finding (6%) (Figures 3-5 ).
Discussion
In our study, thyroid function tests were abnormal in 29.4% of smart phone users and 13.3% of non-smart phone users who had the tests. Most of them showed low hormonal profile with increased TSH. Some studies observed a higher than normal TSH level, low mean T4 and normal T3 concentrations in mobile users. It seems that minor degrees of thyroid dysfunction with a compensatory rise in TSH may occur following excessive use of mobile phones. It may be concluded that possible deleterious effects of mobile microwaves on hypothalamic-pituitarythyroid axis affects the levels of these hormones [14] . In another study, an in vitro evaluation of non-ionizing electromagnetic radiation (NIER) effects on human thyroid cells was done. Their results indicated that 900 MHz EMF emitted by cellular telephones decrease serum TSH and T3 -T4 levels [15] . Referring to the fact that hypothyroidism and hyperthyroidism are very common in Saudi population [16] [17] and referring to the other fact that the number of mobile phone users is escalating, and the trend is chiefly driven by the widespread use of the Internet in the Saudi community, the study said [12] , we can add prolonged mobile phone use as an additional risk factor to widespread of thyroid diseases among Saudi population. Risk factors of thyroid diseases in Saudi population, hypothyroidism patients psychic, congenital and diabetes showed significant increase in males in compared with females. Also autoimmune thyroidoitis (Hashimoto thyroiditis, Grave disease) and malignant thyroid were significant (p < 0.05) in males. On the other hand, bad nutrition, iodine deficiency, goiter and benign thyroid cancer were significantly increased in females comparable with males. In hyperthyroidism patients, iodine deficiency, and benign and malignant thyroid cancer revealed significant increase in males, while bad nutrition and goiter were significantly increased in females [17] . Electromagnetic radiation may not only cause thyroid dysfunction with alteration of the thyroid hormones level-but also it may have neoplastic effect on the gland itself. The scientific community is divided as to the connection between cellular radiation and cancer. One opinion is that because cellular radiation is non-ionizing and incapable of causing changes in cellular DNA, it cannot cause cancer. It is generally accepted that damage to DNA is necessary for cancer to develop. However, radiofrequency energy, unlike ionizing radiation, does not cause DNA damage in cells, and it has not been found to cause cancer in animals or to enhance the cancercausing effects of known chemical carcinogens in animals [18] . But in recent years evidence has mounted from epidemiological studies indicating a relationship between increased exposure to cellular radiation and cancerous growths, especially in the brain and the salivary glands and other structures of the head and neck.
In our study, abnormal thyroid gland was detected by US in 46.7%. The commonest detected abnormality was simple nodular goiter (SNG) (54%), followed by cysts 28%, then thyroiditis (12%) and nodules was the least finding (6%).
It seems that thyroid abnormalities are affected by the type of mobile phone. Cases using non smart phone have more abnormality than cases using smart phone. We refer this to the fact that new generations of mobile phones generate less EMW.
The duration of using mobile phones has also affected our results. Cases that use the phone for longer duration are affected more. In a study of Lonn S et al., he stated that "Our findings do not indicate an increased risk of acoustic neuroma related to short-term mobile phone use after a short latency period. However, our data suggest an increased risk of acoustic neuroma associated with mobile phone use of at least 10 years' duration" [19] .
We had 4 cases with suspicious nodules and/or LN that carried malignant criteria and they were referred to the hospital for further evaluation. This means that electromagnetic radiation may have a carcinogenic effect on the thyroid gland but, due to the small number of cases, a larger Cohort study is needed for more accurate a proliferative effect of NIER on human thyrocytes was suggested, an effect that may link NIER exposure with potential carcinogenesis [20] .
In our study, using head phones and speakers reduces the biological effect of EMW on the nearby tissues. In a study of Hilly et al., they mentioned that "The thyroid gland is located in the neck, but the area is located the same distance from the ear as the regions of the brain where [cancerous] growths have been diagnosed as being related to the use of the [cellular] devices. This is a region that is not far from the center of the device's radiation," [21] .
Conclusions
About half of our participants had one or more abnormal US of the thyroid gland. Although our results are not statistically significant, yet, it is to be considered. Most cases showed clinically insignificant thyroid changes like small cysts or benign looking nodules. However, few suspicious nodules were also detected that warranted further evaluation. Yet no direct correlation may be determined unless a long term study is conducted to identify the effect, if any, of mobile phones on each thyroid abnormality individually.
Although there is not conclusive evidence regarding the hazardous effects of EMW emitted from mobile phones on humans, yet, many researchers found alarming results that linked the extensive use of mobile phones for a long duration with direct skin contact and the development of some types of neoplasms of the head and neck structures. Until more data are obtained, all efforts should be made to encourage users of cellular phone to follow mobile device recommendations of manufacturers and avoid its skin contact as possible. We recommend further extensive studies including larger sample volume to get more documented results.
